Some novel 1-(5,7-dichloro-1,3-benzoxazol-2-yl)-1H-pyrazolo [3,4-b]quinoline derivatives 8(a-f) were synthesized by reacting 5,7-dichloro-2-hydrazino-1,3-benzoxazole 4 and substituted-2-chloro-3-quinoline carbaldehydes using p-toluenesulfonic acid (PTSA) as a catalyst for the cyclisation. The target molecules have been characterized by IR, 1 H NMR, 13 C NMR, and mass spectral studies. The synthesized compounds were screened for biological activities, and some of the compounds have exhibited encouraging antibacterial and antioxidant activities. The compounds 8a and 8e showed potent antibacterial activity, whereas the compounds 8e and 8f act as antioxidants.
Introduction
Both benzoxazole and quinoline derivatives have their own impact in the field of medicine. The benzoxazoles have attracted the researchers for many years because they constitute an important class of heterocyclic compounds [1] . The oxazole-containing heterocyclic compounds play an imperative role in medicinal chemistry and exhibit wide range of biological activities like antimicrobial [2] [3] [4] [5] , CNS, antihyperglycemic potentiating, analgesic, and anti-inflammatory activities [6] . 2-Substituted benzoxazoles [7] were prominently studied trusting that this position is influential for the biological activity, whereas substitutions at position 5 potentiate the activity.
Pyrazole and its derivatives are gaining importance in medicinal and organic chemistry. They have displayed a broad spectrum of pharmacological and biological activities such as antibacterial, antidepressant, and antihyperglycemic activities [8] . Quinoline derivatives are found to possess antimalarial, anti-inflammatory, antituberculosis, and antibreast cancer activities [9] . Keeping in view the potential biological activities of the pyrazoles and quinolines, the chemists have tried to synthesize and evaluate bioactivities of molecules having these ring systems in a molecular frame work as infused or bonded forms. One such form is pyrazolo [3,4-b] quinolines, which have displayed bioactivities [10] . Considering the applicability of pyrazolo [3,4-b] quinolines, several attempts are made to provide convenient synthetic routes. The literature reveals that the widely used methods for obtaining the pyrazolo [3,4-b] quinolines are using 2-chloro-3-formyl quinolines as precursors/starting materials. In one of the routes, the 2-chloro-3-formyl quinolines have been condensed with hydrazine hydrate/phenyl hydrazine in refluxed ethanol and obtained moderate yields of the pyrazolo [3,4-b] quinolines [11] . The neat one-pot condensation of the 2-chloro-3-formyl quinolines and hydrazine hydrate/phenyl hydrazine using organic catalyst, P-TSA, under microwave has also been reported [12] . It has been recorded that in these routes the products, pyrazolo [3,4-b] quinolines, obtained were not found to be pure and were always accompanied with intermediate Schiff bases
Encouraged by the literature reports and to assess the pharmacological profile of such class of compounds, it was thought to construct the benzoxazole nucleus linked with quinolines, which may impart enhanced biological activity. In the present study, we have synthesized novel substituted benzoxazoles fused with quinoline pyrazole, subjected to antimicrobial and antioxidant activities.
Experimental Studies
2.1. Chemistry. Melting points were recorded on electro-thermal melting point apparatus and are uncorrected.
1 H NMR and 13 C NMR spectra were recorded on Bruker 400 MHz spectrometer in IISc, Bangalore, Karnataka, India. The chemical shifts are shown in values (ppm) with tetramethylsilane (TMS) as an internal standard. LC-MS was obtained using C 18 column on Shimadzu, LCMS 2010A, Japan. The FT-IR spectra of the compounds were taken in KBr pellet (100 mg) using Shimadzu Fourier Transformed Infrared (FT-IR) Spectrophotometer. The column chromatography was performed using silica gel (230-400 mesh). Silica gel GF254 plates from Merck were used for TLC, and spots were located either by UV or dipping in potassium permanganate solution. The chemicals were purchased from Sigma-Aldrich Co and from SD Fine chemicals. The solvents for column chromatography were of reagent grade and were purchased from commercial source.
(i) For Preparation of 2-Chloroquinoline-3-carbaldehyde 6(af). See [13] .
(ii) Preparation of 5,7-Dichloro-1,3-benzoxazole-2-thiol (1). Methanol (50 mL) and potassium hydroxide (1.1eq) were stirred for 10 min and followed by slow addition of carbon disulphide (1.1eq) at room temperature. To the reaction mass, 2-amino-4,6-dichlorophenol (1.eq) was added with stirring. The reaction mass was refluxed for 6 hr on water bath. The completion of the reaction was monitored by TLC. The reaction mass was poured onto ice-cold water and acidified with glacial acetic acid (pH 6). The obtained solid was filtered, dried, and recrystallized using ethanol.
. To a mixture of sodium hydroxide (10 mmol) and compound 1 (10 mmol) in dimethyl sulphoxide (10 mL), ethyl iodide (10 mmol) was added dropwise. The reaction mass was stirred for about 1 hr, and the completion of the reaction was confirmed by TLC. The reaction mass was poured on to icecold water, and the obtained solid filtered, was dried, and recrystallized using hexane.
Brown [1, 2, 4] triazolo [3,4-b] [1, 3] benzoxazole (4). The mixture of compound 3 (10 mmol), Formic acid (10 mL) and catalytic amount of concentrated Hydrochloric acid was heated under reflux for 5 hr. The reaction mixture was allowed to cool to room temperature and poured onto water (50 mL). The obtained solid was filtered, washed with ethanol, dried and recrystallized using methanol.
Half (vi) Preparation of 2-Dichloroquinoline-3-carbaldehyde(5,7-dichloro-1,3-benzoxazol-2-yl)hydrazone 7a. The compound 4 (0.01 mol) and compound 6a (0.01 mol) were taken in water and refluxed for 4 h. The completion of the reaction was monitored by TLC. Then, the reaction mixture was cooled and filtered. The obtained solid 7a was recrystallized from ethyl acetate.
The compounds 7(b-f) were prepared by using a similar procedure. [3,4-b] quinoline 8a. To the compound 7a (0.5 gm), a pinch of P-TSA was added. The reaction mass was taken in DMF (15 mL) and refluxed for 3 h. The completion of the reaction was monitored by TLC. Then, the reaction mixture was cooled and filtered. The obtained solid 8a was recrystallized from ethanol.
(vii) Preparation of 1-(5,7-Dichloro-1,3-benzoxazol-2-yl)-1H-pyrazolo
The compounds 8(b-f) were prepared by a similar method.
The physical data of newly synthesized compounds 8(af) are tabulated in Table 1 . [3,4-b] 
1-(5,7-Dichloro-1,3-benzoxazol-2-yl)-1H-pyrazolo

1-(5,7-Dichloro-1,3-benzoxazol-2-yl)-1H-pyrazolo[3,4-b]quinolin-6-ol (8f). IR (KBr)
]
Antibacterial Activity.
The antibacterial efficacy of the compounds was tested by using agar well diffusion method [14] . The 24 hr old Mueller-Hinton broth cultures of test bacteria were swabbed on sterile Mueller-Hinton agar plates using sterile cotton swab followed by punching wells of 6 mm with the help of sterile cork borer. The standard drug (chloramphenicol, 1 mg/mL of sterile distilled water), compounds 8(a-f) (20 mg/mL of 10% DMSO), and control (10% DMSO) were added to the respectively labeled wells. The plates were allowed to stand for 30 minutes and were incubated at 37 ∘ C for 24 hr in upright position, and the zone of inhibition was recorded.
Antioxidant Activity
DPPH Assay.
The radical scavenging ability of synthesized compounds and the ascorbic acid (standard) was tested on the basis of radical scavenging effect on a DPPHfree radical. Different concentrations (25, 50, 100, 200, and 400 g/mL) of compounds and standard were prepared in methanol. In clean and labeled test tubes, 2 mL of DPPH solution (0.002% in methanol) was mixed with 2 mL of different concentrations of compounds and standard separately. The tubes were incubated at room temperature in dark for 30 minutes, and the optical density was measured at 517 nm using UV-Visible Spectrophotometer. The absorbance of the DPPH control was also noted. The scavenging activity was calculated using the formula: scavenging activity (%) = − / × 100, where is the absorbance of DPPH and is the absorbance of DPPH in standard combination [15] .
Ferric Reducing
Assay. Different concentrations (25, 50, 100, 200, and 400 g/mL) of compounds and standard (tannic acid) in 1 mL of methanol were mixed in separate tubes with 2.5 mL of phosphate buffer (200 mM, pH 6.6) and 2.5 mL of 1% potassium ferricyanide. The tubes were placed in water bath for 20 minutes at 50 ∘ C, cooled rapidly, and mixed with 2.5 mL of 10% trichloroacetic acid and 0.5 mL of 0.1% ferric chloride. The amount of iron (II)-ferricyanide complex formed was determined by measuring the formation of Perl's Prussian blue at 700 nm after 10 minutes. The increase in absorbance of the reaction mixture indicated the increased reducing power [16] .
Results and Discussion
Chemistry.
To begin our work, it was planned to synthesize the acetyl hydrazide 3a as an intermediate compound.
From compound 3a, it was planned to construct some heterocyclic compounds, but from spectroscopic determination it was evident that the obtained compound was 4, not 3a. Recent literature survey [17] also confirmed the formation of compound 4 from 2a. The mechanism of formation of the compound 4 from 2a is represented in Scheme 1.
Satyendra et al. [18] reported the synthetic route of compound 4 in above mentioned procedure. It is possible to synthesize the 5,7-dichloro-2-hydrazino-1,3-benzoxazole 4 by direct method as mentioned in Scheme 2. The mercapto compound 2 was reacted with ethyl iodide produced ethylthiobenzoxazole 3, followed by the reaction with hydrazine hydrate; this yielded 5,7-dichloro-2-hydrazino-1,3-benzoxazole 4.
In both methods, the formed compound was found to be the same, which was confirmed by elemental analysis, melting point determination, and spectral studies. In Scheme 2, the compound obtained in high yield and also the time taken for the completion of reaction were found to be less. The compounds 6(a-f) synthesized as per literature and mentioned in Scheme 3.
In the present work, the synthesis of some novel, fused heterocyclic compounds containing benzoxazole and quinoline nucleus has been constructed (Scheme 4). The target molecules are characterized by IR, 1 H NMR, 13 C NMR, and mass spectroscopic analysis. In this work, we have tried to get the target molecule according to reported procedure, but cyclization does not take place. The chromatogram for the compounds 7a and 7b showed peak at 391, 395 and 405, 409, respectively. So, the compounds 7(a-f) were taken for the next step on the basis of the obtained spectral data. Once again, the reaction was continued further to get the cyclized product using PTSA as catalyst.
The molecules 8(a-f) showed the absence of -NH peak in their IR, and the disappearance of -NH in 1 H NMR spectrum evidenced the cyclization of the product. In the IR spectrum, the stretching frequency at 3367 cm −1 disappeared, and also there is no stretching frequency for 2-chloroformyl quinoline at 1721 cm −1 . A peak at 9.3 for a proton of -NH disappeared, and new peaks were observed at the aromatic region. The signals obtained for aromatic protons at 7.2-8.1 (m, 7Ar H) and a singlet at 9.06 for -N=CH strongly supported the formation of the product. Mass spectrum gives peak at M + 355, M +2 357, and M +4 359 corresponds to its molecular weight. The new signal at 161 in 13 C NMR corresponds to -N=CH carbon atom. The signals at 2.5 for the compound 8b and 4.0 for the compound 8e in the 1 H NMR spectrum also evidenced the formation of derivatives for corresponding molecule.
Biological Evaluation
3.2.1. Antibacterial Activity. The antimicrobial activity was tested against bacterial strains by agar well diffusion method.
The compounds 8a and 8e exhibit potent antibacterial activity, whereas the compound 8c showed promising antibacterial activity. The results were tabulated in Table 2 .
Antioxidant Activity.
The antioxidant activity at different concentrations, namely, 25, 50, 100, 200, and 400 g/mL, of the compounds 8(a-f) and ascorbic acid was tested on the basis of the radical scavenging effect of the stable DPPH free radical assay. The compound 8f showed better radical scavenging activity followed by the compound 8e (Figure 1 ). The obtained results were recorded in Table 3 .
The result of reducing power at different concentrations of compounds 8(a-f) and tannic acid is represented in Table 4 . In this study, the absorbance was found to increase with the dose of compounds and standard, which is suggestive of reducing power (Figure 2 ). The compounds 8e and 8f showed remarkable reducing power.
Conclusion
The formation of pyrazole moiety with fused benzoxazole and quinoline moiety was achieved by using PTSA as a catalyst. The obtained target molecules were characterized by using 6 Journal of Chemistry spectral data. The synthesized compounds were screened for antibacterial and antioxidant activities. The results revealed that, among the title compounds, the compounds 8a and 8e showed higher inhibition while the other compounds displayed moderate to low inhibition. In case of antioxidant activity, the compounds 8e and 8f exhibited effective scavenging as well as ferric reducing activity, while compounds 8a, 8c, and 8d have shown moderate activity.
Acknowledgment
The author (N. D. Jayanna) is grateful to the UGC for providing Rajiv Gandhi Research Fellowship. The authors are thankful to the Director, IISc, Bangalore, for providing spectral data and are thankful to the Principal, Sahyadri Science College, Shimoga, for providing laboratory facilities to carry out research work.
